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(54) Convoluted plastics tube 



(57) Apparatus for forming helical convolutions in 
thermoplastic tubes comprises a mandrel 7, 8 7a, tube 
heating means ^ designed to heat at least a portion of a 
tube placed over the said mandrel to a predetermined 
temperature which is sufficient to cause a chosen tube 
material to at least partially lose elastic memory, and a 
helical convotution forming element 6 which is operable to 
urge a tube into which the helical convolutions are to be 
formed against the said mandrel to form a helically 
convoluted tube. The mandrel 7, 8, 7a may be replaced by 
a second mandrel which allows a retaining element to be 
wound in place of the forming element 6 which has been 
removed. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal 



copy. 




FIGURE 1. 



I 

FORMING CQNVnr.II TED TIlRRff 

This invention relates to a method and apparatus for 
forming convolutions in thermoplastic tubes. 

In US patent specification 3327039, a method of producing 
corrugated hoses w hich is fabricated of plastie 
material is described. Such a hose or tube is utilised 
where flexibility and elasticity are required in a tube 
having a relatively thick wall. The method generally 
describes use of a grooved mandrel over which a tube is 
placed to be forced into the grooves by a groove forming 
member. The method suffers from the drawback that certain 
stresses are built into the convoluted tube and the tube 
has a tendency to subsequently return to its original plain 
shape especially when used at high temperatures and high 
pressures. UK patent application number 2126685 discloses 
use of a heat setting step after the tube has been formed 
in order to remove the elastic memory from the tube so that 
it will not return to its original shape in use. UK patent 
number 1543586 discloses the use of a post formation 
heating step which softens the material to allow a spring 
which has been previously wound around the helical 
convolution to compress the convolutions into close 
configuration. The heating step also has the effect of 
heat setting the compressed convoluted tube. US patent 
number 4134958 discloses a post convolution heat treating 
step in order to relax the stresses set up in the tube and 
in order to retain the product in the shape given to it by 
the convolution forming process. The above methods all 
suffer from the drawback that the heat treating step needs 
to be carried out subsequently to the convolution forming 
step and thus the method of forming convoluted tubes 
involves a two step process. 

It is an objective of the present invention to overcome 
these problems. 
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According to the present invention, there is provided 
apparatus for forming helically convoluted plastic tubes 
comprising a mandrel, tube heating means designed to heat 
at least a portion of a tube placed over the said mandrel 
to a predetermined temperature which is sufficient to cause 
a chosen tube material to at least partially lose elastic 
^meinoryv=^d=^^hel^ 

operable to urge a tube into which the helical convolutions 
are to be formed against the said mandrel to form a 
helically convoluted tube. 

Preferably, an infra red thermocouple monitors the 
temperature of the tube during helical convolution 
formation. 

Advantageously, the invention provides a single continuous 
process producing stable stress free helically convoluted 
plastic tubes* The product is already heat set upon 
cooling and requires no further treatment in order to 
stabilise the product. 

Preferably, the helical convolution forming element source, 
which is typically a reel of cable or wire, and the mandrel 
are fixed relative to each other and the tube rotates 
relative to the mandrel and the helical convolution forming 
element source to form the said helically convoluted tube. 

In the preferred embodiment, the mandrel has a helically 
configured forming surface. 

Typically, the tube heating means circumf erentially 
surrounds a portion of the mandrel over which the tube is 
placed so that the tube may be heated over its whole 
circumference prior to helical convolution formation. 

In use, the tube typically has one end fixedly located on 
a rotating sleeve which is aligned with the mandrel and 
adapted to move axially and rotatably away from the first 
mandrel at a rate that is suitable for forming said 



helically convoluted tubes. When the helical convolution 
forming element is a cable or wire, the sleeve is first 
advanced over the mandrel. The cable or wire is then 
typically attached to the sleeve at a point which lies over 
the mandrel grooves which are located inside the sleeve. 
"^^^ before tube formation but after the end of 

the tube has been heated (nso~that-l-t expands) and slid on 
to the larger circumference of the end of the sleeve and 
secured thereon. Thus, in such apparatus, the sleeve may 
be rotated axially over and away from the mandrel and the 
cable or wire source bringing the tube behind it thus 
causing the cable or wire to wind around the sleeve and 
then the tube in a controlled manner in accordance with the 
speed of rotation of the sleeve and the rate of axial shift 
thereof. Typically, after being wound around the length of 
the sleeve (in a helical form) and the end of the tube 
which lies over the sleeve, the cable comes into contact 
with the free tube directly surrounding the helically 
configured forming surface of the mandrel and, due to the 
tension in the cable, the heated tube is forced into the 
helical groove in the mandrel and forms into a helically 
convoluted tube. Typically, the tube continues to rotate 
over the fixed mandrel and, in this manner, the desired 
length of helically convoluted tube with a cable retaining 
element wound around the helical grooves is formed. 

Advantageously, as the helically formed heated tube moves 
away from the heater and the mandrel, the retaining element 
helps to maintain the shape of the tube as it cools. 

Due to the heating process performed on the tube prior to 
or/ and during convolution formation, the tube is already 
heat set upon cooling. Furthermore, the invention provides 
a single continuous process for forming heat set helically 
convoluted tubes. 



In a preferred embodiment, the cable source and the mandrel 
are fixed with respect to each other and the rotating 
sleeve causes the tube to rotate over the mandrel 
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simultaneously drawing the cable from the cable source to 
form the helically convoluted tube. However, it is also 
envisaged that the mandrel may be axially movable and non- 
rotatable, axially movable and rotatable or rotatable and 
axially fixed. 

A second sleeve tcPwhicfiTt he other end~of " the"tubez:may:zbez: 
attached may also be rotated in cooperation with the f±rst 
sleeve to prevent twisting of the tube and the two sleeves 
may also be axially relatively movable towards each o^her 
so as to take account of the natural compression in the 
tube during helical formation. 

According to a second aspect of the present invention, 
there is provided a method of producing helically 
convoluted plastic tubes comprising the steps of locating 
a plain tube over a mandrel, heating at least a portion of 
the tube over the mandrel to a temperature which causes the 
tube material to at least partially lose its elastic memory 
and relatively engaging a convolution forming element and 
the heated txibe to form helical convolutions in the said 
tube. 

A preferred method maintains the temperature of the tube 
during helical convolution formation preferably at a pre- 
set figure within narrow limits - 

Preferably, the forming element acts as a retaining element 
as the tube is formed and removed from the mandrel and this 
retaining element may be retained in the final product, 
removed from the final product, or removed and replaced by 
a further retaining element in the final product. 

Thus, the convolutions are formed by the convolution 
forming element being pulled, preferably under constant 
pre-set tension, around the heated tube, and into the 
grooves of the internal helical mandrel, in a continuous 
process without the need for further heat setting. 
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The invention will now be described, by way of example, 
with reference to the accompanying drawings, in which :- 

Figure 1 shows a view of a grooved helical mandrel and 
heater arrangement in accordance with the present 
invention; 



Figure 2 shows the sleeve arrangement in accordance with 
the present invention; 

Figure 3 shows the tube being formed in accordance with the 
present invention ; 

Figure 4 shows a buggy and heater arrangement in accordance 
with t:he present invention; 

Figure 5 shows the apparatus with a tapered mandrel in 
accordance with the present invention; and 

Figure 6 shows a sectional view of the heater in accordance 
with the present invention* 

Referring to Figures 1 to 6, the present invention will now 
be described with reference to the accompanying drawings, 
numbered figs, 1-6. 

The apparatus according to the invention comprises a 
mandrel 8 which has a helically grooved end fastened to a 
support mandrel 7, and a smooth end fastened to another 
support mandrel 7a. The mandrel 8 is partially supported 
by incoming bearings 5a. The O/D of the smooth end is 
uniform and is preferably approximately equal to the 
maximum O/D of the helically grooved end. The helically 
grooved end may be parallel (see figures 1, 2 and 3) or 
tapered (see figure 5) in profile. The mandrel may be 
entirely solid, partially hollow, or entirely hollow. 

The pitch 8a of the helical groove on the mandrel is 
uniform along the entire length of the helically grooved 
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part of the mandrel 8, whether the mandrel is parallel or 
tapered. The minimum I/D of the helical groove in the 
mandrel 8b, when the helix profile is parallel or tapered 
is greater than the O/D of the support mandrel 7 to prevent 
friction between the mandrel 7 and the newly formed 
convoluted tube 4a. 



The support mandrel 7 may be solid or hollow. It is 
fastened at one end to the mandrel 8 by a secure and non- 
rotatable quick release connection. The other end is 
external ly threaded and i s secured through a right hand 
fixed location 9 by means of suitable threaded nut. This 
provides axial adjustment for the mandrel 8. 

The other support mandrel 7a has an O/D less than the O/D 
of the smooth part of the mandrel 8 to prevent friction 
between the support mandrel 7a and the plastic tube 4. It 
can be solid or hollow. It is fastened at one end to the 
mandrel 8 by a secure and non-rotatable quick release 
connection. Close to its other end a niunber of holes have 
been drilled through it. They each ensure secure non- 
rotatable connection with a left hand fixed location 10 
whilst providing axial adjustment for the mandrel 8. 



One end of the right hand fixed location 9 is securely 
mounted to the floor by suitable means. At the other it 
provides a means of locating the support mandrel 7 and 
providing fine axial adjustment of the mandrel 8. The left 
hand fixed location 10 is similar. At one end it is 
securely mounted to the floor by suitable means. At the 
other end it provides a means of locating the support 
mandrel 7a and providing coarse axial adjustment of the 
mandrel 8 . 

The connections formed by the support mandrel 7a and the 
left hand fixed location 10, and the support mandrel 7 and 
the right hand fixing location 9, ensure that the axis 
formed by the mandrels 7a, 8 and 7 is horizontal. 
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The incoming bearings 5a are vertically adjustable to 
ensure that different sizes of tubing 4 are guided 
centrally through the heater 1. They also partially 
support the mandrels 7, 7a and 8, and allow the plastics 
tubing 4 to rotate and move axially as required. The 
outgoing bearings 5b can be held in an upper position as 
required -during— 3ome stages of the process; bu^ they "are 
secured in a lower position to hold the mandrel 8 and 
convoluted plastics tubing 4a in a stable horizontal 
position, whilst acting against the tension provided by the 
convolution retaining element 6 when the process is 
operating automatically. 

A heater 1 is located horizontally and is height adjustable 
to ensure the sleeve 2 can pass freely through its centre. 
It can be moved to the left hand side if necessary to make 
it easier to remove the mandrel 8 and replace it with 
another mandrel. In such embodiments, the incoming 
bearings can also be moved to the left hand side or be 
removed from the path of the heater to accommodate movement 
of the heater. The heater is moved by releasing wheel locks 
20,22 and rolling the heater on its wheels 24,26 along 
track 28. Removable heater doors can be mounted at each 
end of the heater 1 as it heats the plastics tubing 4 
passing through. They can be removed manually if needed. 
The sleeve 2 is able to rotate and move axially in either 
direction, and at predetermined speeds. Either movement 
can occur on its own or they can occur together. When then 
they occur simultaneously these rules are observed: 

(a) for each complete 360o rotation, the axial 
movement is approximately equal to the pitch of 
the helical part of the mandrel 8a; 

(b) anti-clockwise rotation when viewed from the 
right hand side ensures axial movement from left 
to right ( and vice-versa ) • 




The internal diameter of the sleeve (2) is greater than the 
maximum outside diameter of the mandrel (8), and the 
support mandrels (7) and (7a), so it is able to move 
axially along, or/and rotate around them without friction 
or contact. 



--The-heater elements ( la) are liiaceazjfia— aciieater control - 
system to an IR thermocouple (3). The heating elements 
(la) are typically infra-red elements and their wavelengths 
are chosen to best suit the material being heated. Long 
wave infra-red elements may for example be used to heat 
P.T.F.E. tube. The infra-red thermocouple (3) is 

positioned with respect to the plastics tube (4) such that 
it can "see" nothing else within its field of view. The 
infra-red thermocouple (3) is calibrated to ensure its 
readings are in ©C/oF. 

The heater control system ensures that once the heated but 
still non-convoluted plastics tube (4) has come within the 
view of the IR t/c (3), its surface temperature (4) is kept 
(within very narrow limits) at a constant predetermined 
figure, at about the same time that the convolution 
retaining element ( 6 ) is wrapped around it - 

A sleeve-clip (2b) secures plastics tubing (4) to the 
sleeve (2). An eye (2a) is securely attached to the sleeve 
(2) at a distance about equal to the length of the heater 
(1) from the sleeve-clip (2b). 

Another eye (6a) is securely fastened to the floor and the 
position Qf the eye is adjustable in all directions, to 
ensure that a convolution retaining element (6) is properly 
guided onto the plastics tubing (4) and pulled into the 
correct convolution on the helical part of the mandrel ( 8 ) . 
The convolution retaining element (6) is pulled through the 
"eye" (6a) and securely attached to the eye on the sleeve 
(2a). It is then wrapped along the sleeve (2) and onto the 
plastics tubing (4), in a helical form supported by the 



helical part of the mandrel (8) to create the convoluted 
plastics tubing (4a). 



The Incoming non-convoluted plastics tubing (4) is 
supported by the incoming bearings (5a) which also allow it 
to rotate and move axially as required. The outgoing 
convoluted plasties^— tubing- (4a ) is formed against" the^ 
helical mandrel (8) when the Convolution retaining element 
(6) is wrapped around the plastics tubing (4) under 
constant pre-set tension. The tension may be adjusted to 
suit different tube materials, size and wall thickness etc. 

For external compressed-air tube cooling (11), Compressed 
air at a predetermined pressure can be released around the 
newly convoluted plastics tubing (4a), at about the time 
(or shortly after) the convolution retaining element (6) is 
wrapped around it. Nozzles can be positioned at different 
points around the convoluted tubing (4a) to ensure 360o 
cooling. Immediate cooling increases axial rigidity of the 
newly convoluted tube (4a) and helps to fix its 
convolutions into position more quickly. 

OPTIONS 

An Internal compressed air, or liquid cooling system (11a) 
may be used together with external cooling system (11) or 
on its own. Its purpose is to cool the convoluted tubing 
(4a) as quickly as possible. However, this also has the 
advantageous effect of keeping the mandrel cool. The 
system forces either compressed air or liquid down the 
inside of a hollow support mandrel (7) from the right hand 
fixed location (9) towards the mandrel (8). The mandrel 
(8) will be hollow for liquid cooling, but only partially 
hollow for compressed air. Where air is used, small holes 
drilled through the bottom of the helical grooves into the 
hollow part, allow it to reach outer surface of helical 
groove and the inner surface of newly convoluted tubing 
(4a). This helps to fix convolutions into position more 
quickly and also helps reduce friction between the mandrel 
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(8) and the convoluted tube (4a). It is preferable not to 
have these small holes when using liquid cooling - but 
instead the liquid passes through the mandrel (8) and out 
of support mandrel ( 7a ) at the other end of mandrel ( 8 ) . 
If necessary it can be pumped back through support mandrel 
(7) locked at the other end of mandrel (8) creating a 
closed- sys^eiu ~ - - - — 

It is realised that in some cases it may be preferable to 
provide suitable lubrication to the external part of the 
helical mandrel prior to operating the process to help 
reduce the friction generated between the external surface 
of said mandrel and the internal surfaces of the tube and 
the newly convoluted tube. This may be combined with 
internal liquid or gas cooling as well as external gas 
cooling. 

A suitable motor drive layout will now be described. A 
buggy ( 12 ) is attached and fixed to the sleeve ( 2 ) by 
suitable bearings- The sleeve (2) can be rotated by means 
of the motor-drive (15) which is mounted inside the buggy 
( 12 ) . The buggy ( 12 ) moves on suitable rails ( 13 ) . The 
buggy (12) may^ again, be made to move by the motor-drive 
(15). 

Before the process is begun, the following items are 
checked : 

that the sleeve size is correct and the sleeve is able 
to pass clearly through the centre of the heater ( 1 ) ; 

that the following specifications of the convolution 
retaining element (6) are correct: 

(i) O/D (iii) flexibility 

(ii) material (iv) pre- set tension; 

that the axial movement of the sleeve (2) with respect 
to direction of sleeve rotation is correct. 



that the pre-determlned axial and angular velocities 
of sleeve (2) are correctly stored within the motor- 
drive system; 



that the parameters stored within the heater control 
system are correct; 



that the incoming bearings (5a) are set at the correct 
height to centre the plastics tubing (4) as it passes 
through the heater ( 1 ) ; 

that the eye {6a) is correctly adjusted to locate the 
convolution retaining element (6) into the correct 
convolution groove, and that it is securely fastened; 

that each of the heater doors ( 14 ) are the correct 
size and fit properly; 

that the heater settings and associated time delays 
(for the first part of the process before the 
automatic heater control system takes over) are 
correct and readily available; 

that the IR t/c (3) is connected to the heater control 
system and is correctly calibrated with respect to the 
type of material to be convoluted; and 

that the compressed air cooling system (11a) and/or 
other cooling systems, (lib) is/are connected up ready 
for use, and set at the correct pressure(s). 

The process is carried out as follows. Firstly, the 
connections between mandrels (7a), (8) and (7) are non- 
rotatably secured. Next the connection between support 
mandrel (7a) and left hand fixed location (10) is 
unfastened and the plastics tubing (4) is slid onto the 
support mandrel ( 7a ) . The support mandrel ( 7a ) and fixed 
location (10) are then reconnected securely and non- 
rotatably. 
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The mandrel (8) is lined up as shown in fig. 1. Axial 
adjuslanent is provided by fixed positions (9) and (10). 
The outgoing bearings (5b) are slid into their upper 
position as shown in figure 3. 

The sleeve (2) is positioned a short distance to the right 
hand -side of the outgoing-bearings_t5.b:) , mZ7~~ 



The right hand end of plastics tubing (4) is pushed a short 
distance inside the left hand side of the heater ( 1 ) - The 
heater elements (la) are turned on and heat the end of the 
plastics tubing (4) until it gets hot and its internal 
dijameter expands. Immediately the plastics tubing (4) is 
lalge enough to slide onto the sleeve (2) the heater 
element (la) is turned off. 

The plastics tubing (4) is pushed further through the 
heater (1) towards the right hand side until the hot 
expanded end is very close to the sleeve (2). It is then 
carefully slid onto the sleeve (2) and secured it by means 
of the clip 2b. The sleeve (2) and attached plastics 
tubingi34) are then pushed towards the left hand fixed 
locati^ (lO), until sleeve (2), eye (2a) and clip (2b) are 
in the position shown in figure 2. The convolution 
retaining element (6) is pulled through the eye (6a) and 
securely fastened to the eye ( 2a ) . 

The heater doors (14) may then be placed at each end of the 
heater ( 1 ) as shown in figure 6. The IR t/c (3) is put in 
place and connected to the heater control system such that 
its entire field of view is filled by plastics tubing (4). 
See figure 3. 

The heater efements (la) are set according to pre- 
determined parameters and turned on. After a pre- 
determined period the sleeve (2) is engaged for anti- 
clockwise rotation when viewed from the right hand side; 
and axial movement from left hand side to right hand side. 
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The convolution retaining element (6) is steadily wrapped 
around and along the sleeve (2) with a oit^h • 
eauMi 4.K ^ pitch approximately 

-^al to that Of th. „ J 

2b ^^e^ ^^^^^^^^ tube (4, by the eyT 

(oa). See figure 3. 

A- soon as the rotatln, eleev. (2, ha, .^.ved ,ar enough to 

onto the n«,ly oonvoZut«I tubing (4a) as shown In figured 
The co^.ess^ —"-^ systems ( iTa^ 

(lla) «ay be engaged as re-^lred at predeter»i„J 
pressure(s). See figure S. Predetermined 

The proc«,s now operates automatically since the IR t/c (3) 

^nalnlno'T """'"^ " ~nvol"tlol 

w!^ ""•^ """"^ ««> ensures 

With the aid of the heater control syste-. that the heat" 

elements (la, Iceep its surface te-perature constant (wlth!^ 
acceptable limits, at a pre-set figure. 

The pre-set para^ters chosen for the heater elements and 
the associated time delays ensure that the initi^^ 
temperature readings of the tube ,4, made by the infra.^ 

"^-^ ^° — p™ 

. ^ plastics tubing (4) 

axL n " '"^-^ °« ^th 

«lal and rotational movements of the sleeve (2, 

disengaged. The tubing ,4„ may be allowed time to col^ 
The convolution retaining element (6, is cut below L^Tye 
(6a, using suitable clips. " 

Generally the convolution creating element 6 win he 
retained on the convoluted tube 4a. in order that it can ^ 

c'luit"'^; — -ePtable hose or flelbH 
conduit. However, in some cases, it may be preferable to 
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remove it from t:»xe convoluted tube 4a. The method 
described as follows shows how this invention can perform 
this task in a few simple steps. The process is performed 
as previously described up to the P^^'^* 
convoluted tube 4a is left to cool. But instead of cuttxng 
through the convol ution cr eating ele ment 6 , a suxtable 

suitable reel) creating "slack". Previous steps are again 
followed until the convoluted tube 4a is a -"^-^^^ 
distance onto the support mandrel 7, so that it and the 
helical mandrel 8 can be disconnected. The helical mandrel 
8 is removed from support mandrels 7 and 7a and replaced by 
a uniform smooth mandrel (not shown). Preferably, the 
heater 1 and incoming bearings 5a are able to be slxd 
Wheeled or moved to the left hand side to make the removal 
of the mandrel 8 easier. Subse«;iuent vertical hexght 
adjustment of the bearing 5a may be necessary to centre the 
smooth mandrel. The length of the smooth ^-^^^l^^l 
generally approximately equal to the helical mandrel 8. The 
"slack- prevents the convolution creating element 6 
wrapping around the helical grooves of mandrel 8, prior to 
i-ts removal . 

The uniform smooth mandrel has an overall diameter less 
than the minimum internal diameter 8b of the original 
mandrel and also less than the internal diameter of the 
cool convoluted tube 4a to prevent unnecessary frictxon 
The sleeve 2 will now run in reverse (from RHS to LHS and 
clockwise when viewed from RHS). Axial movement of sleeve 
2 is now proportional to the pitch of the convoluted tube 
4a The element 6 is removed from the convoluted tube 4a, 
then the sleeve 2 under pre-set tension. It is preferably 
collected by suitable means such as a motor-driven rotating 
reel Drive is then disengaged. The element 6, then the 
tube is removed from the sleeve 2. Connection between 
mandrel 7a and the uniform smooth mandrel is broken, and 
the tube 4a is removed from the mandrel 7a. No heat xs 
used to perform this task. 
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It is also realised that there will be cases where it is 
preferable once the original convolution creating element 
6 has been removed from the convoluted tube 4a as described 
above, to apply another such element to it* This is 
performed as follows: 

-^*^vious steps arer followed unt^il" -the— original element 6' 
has been removed from the sleeve 2. A suitable new element 
is secured to 2. It is then driven from LHS to RHS (with 
ant i -clockwise rotation as viewed from RHS)^ Axial 
movement is proportional to the pitch of 4a. The new 
element is pulled under tension into the convolutions 
created by the original element 6» 

When the "wrapping" is finished, the convoluted tube 4a is 
removed as before. No heat is used to perform this task. 

The outgoing bearings 5b are then pushed into their upper 
position as shown in figure 3. The compressed air and 
liquid cooling systems (11) and (11a) are disengaged. 

Axial and rotational drive to the sleeve (2) is then 
engaged in the same direction as before to "screw" the 
convoluted plastics tubing (4a) from the helical part of 
the mandrel ( 8 ) and onto ( 7 ) . This axial and rotational 
drive is then disengaged. 

The plastics tube (4a) can then be released from the sleeve 
(2) by unfastening the clip (2b); removing the convolution 
retaining element (6) from the eye (2a); making an axial 
cut right through and along the short length of plastics 
tubing ( 4 ) which has been pushed onto the sleeve ( 2 ) ; and 
gently pulling the plastics tubing (4) and sleeve (2) 
apart. It may also be necessary to cut through the 
convolution retaining element (6) close to the clip (2b) 
before pulling the tube (4) and the sleeve (2) apart. 

Any tension exerted on mandrels (7), (7a) and (8) can be 
released by loosening the connection at (9). The support 
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mandrel (7) is unfastened from the mandrel (8) and the 
entire length of the convoluted plastics tubing (4a) can be 
slid from the support mandrel (7). 

Once the mandrels (7) and (8) are fastened together again, 
the apparatus and process are is ready for reuse. 

Various modifications and alterations to the invention are 
possible, in particular, the relative manner in which the 
forming element, the mandrel and the sleeve rotate and move 
axially with respect to each other can have a number of 
possible permutations without detracting from the invention 
as described. In addition, the heater may be movable 
axially along the mandrel both for precision positioning 
thereof and also as an alternative method of convolution 
formation where the heater moves along with the forming 
element and the mandrel, while the tube remains axially 
fixed. 

In an alternative embodiment, in order that the angular 
velocities of the tube and the newly convoluted tube are 
kept equal, it may be preferable to have both ends of the 
tube (convoluted and plain) driven simultaneously at the 
same velocity. Although it has been found that the angular 
velocities of both convoluted and unconvoluted tube can 
usually be kept equal (within acceptable limits) by driving 
the convoluted end only. Where both ends are driven 
together axial adjustment is required to allow for the 
compression of the tube's length which occurs due to the 
convoluting process . 

It is realised that in some cases it may be preferable to 
provide suitable lubrication to the external part of the 
helical mandrel prior to operating the process to help 
reduce the friction generated between the external face of 
said mandrel and the internal surfaces of the tube and 
newly convoluted tube . 



m 
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It is realised that lubrication may be combined with 
internal or/and external gas cooling; that lubrication may 
be combined with internal liquid cooling (with or without 
external gas cooling); that external gas cooling may be 
combined with internal liquid cooling, but that internal 
gas cooling and internal liquid cooling may not be 
appropriate-4;ogether. 

It is realised that in order to further increase the axial 
and torsional rigidity of the newly formed convoluted tube 
(by helping to 'fix' the convolutions into place more 
quickly), or /and further reduce the friction between the 
helical mandrel and the tube, it may be preferable to cool 
the newly formed convoluted tube using suitable gas- 
cooling, this being 'applied* internally or/and externally 
(at pre-set pressure) as required. External gas cooling 
(eg compressed air) will usually be applied to the tube as 
or/and shortly after the convolution creating element has 
been applied. A partially hollow helical mandrel which has 
many small holes drilled between its external helically 
grooved surface and its hollow interior can provide 
internal gas cooling to the tube (as well as reducing 
friction between tube and said mandrel), via a hollow 
support mandrel. 

In some cases it may be necessary to keep the mandrel 
itself cool during the process, by means of internal liquid 
cooling. All mandrels will be hollow with the liquid flow 
from one support mandrel, through the helical mandrel 
(which in this case would not usually have any holes 
between its interior and external helical face), and out of 
the other support mandrel. 

The tubes from which the hoses produced in the process are 
formed are of flexible material, preferably a plastics or 
thermo-plastics material, such as P.T.F.E. . 



he internal diameter of the tube is generally a little 
arger than the maximum overall diameter of the helical 
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mandrel, to prevent unnecessary friction between them. 
When necessary, the tube is made to rotate and move axially 
by a rigid sleeve (or similar) to which it is securely 
attached. Where both ends are driven, a sleeve is attached 
at each end, and both are made to rotate together, with 
suitable axial adjustment. 



The internal diameter of the cold tube is a little less 
than the overall diameter of said sleeve. Heating the end 
of said tube causes it to soften and its internal diameter 
to expand sufficiently such that it can be 'slid' onto said 
sleeve, where (after cooling and contracting) it is secured 
by suiteible means. 

The internal diameter of the cold convoluted tube is a 
little larger than the overall diameters of the support 
mandrels to prevent unnecessary friction between them. 

The convolution creating element used in accordance with 
this invention may be composed of any suitable material 
strong enough to achieve the particular tension desired for 
optimum convolution, whilst being able to withstand the 
surface temperature of the newly convoluted tube, without 
prejudice to its performance or its physical or/and 
chemical composition. In addition, it must be small enough 
to fit into the convolutions of the mandrel together with 
the tubing. It may for example comprise a metal wire. 
Once in place wrapped around a convoluted tube, it may then 
be regarded as a convolution reinforcing element, 
convolution creating/reinforcing elements (with suitable 
flexibility) of various types and materials may thus be 
used, selected from a wide range of cross-sectional area, 
to of fer enhanced support to the convoluted tube to improve 
pressure bearing or reduce fatigue, or to stand proud of 
the crests of the convolutions so as to keep any externally 
applied braiding or other covering material from chafing 
the convoluted tube. 
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For specific applications the convolution creating element 
may be small diameter hollow tubing (braided or unbraided) 
which would be used to carry a heating or cooling medium 
around the helical convolutions through the small tubing so 
that when made into an assembly complete with appropriate 
fittings the medium being transferred through the tubing 
can be kept at a constant^- temperature. 



20 



Claims 



1. Apparatus for forming helically convoluted plastic 
tubes comprising a mandrel, tube heating means designed to 
heat at least a portion of a tube placed over the said 
m andrel to a predetermined temperature which is 

to cause-a chosen tube material to at least partially lose 
elastic memory, and a helical convolution forming element 
which is operable to urge a tube into which the helical 
convolutions are to be formed against the said mandrel to 
form a helically convoluted tube. 

2. Apparatus for forming helically convoluted plastic 
tubes comprising a mandrel and a helical convolution 
forming element which is operable to urge a tube into which 
the helical convolutions are to be formed against the said 
mandrel to form a helically convoluted tube, wherein the 
apparatus includes a second mandrel, to replace the first 
mandrel after helical convolution formation, which allows 
the tube to be rrotated thereover and a retaining element 
which is wound into the said helical formations during 
rotation of the tube over the said second mandrel. 

3. Apparatus as claimed in any preceding claim, wherein 
a thermocouple monitors the temperature of the tube during 
helical convolution formation. 

4. Apparatus as claimed in any preceding claim, wherein 
the helical convolution forming element source and the 
mandrel are fixed relative to each other and the tube 
rotates relative to the mandrel and the helical convolution 
forming element source to form said helically convoluted 
tube . 

5. Apparatus as claimed in any preceding claim, wherein 
the mandrel has a helically configured forming surface. 
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6. Apparatus as claimed in any preceding claim, wherein 
the tube heating means circumf erentially surrounds a 
portion of the tube during formation. 



7. Apparatus as claimed in any preceding claim, wherein, 
in use, the tube has one end fixedly located on a sleeve 
which is adapted to mover-ajc±a±ay away from the first 
mandrel at a rate suitable for forming said helically 
convoluted tube. 



8. Apparatus as claimed in any preceding claim, wherein 
the said forming element is a cable or wire which, in use, 
is wound around the tube to form and at least partially 
retain said helical convolutions. 

9. Apparatus as claimed in any preceding claim, wherein 
one end of the wire or cable is fixed to the sleeve and the 
cable source is fixed with respect to the first mandrel. 

10. Apparatus as claimed in any preceding claim, wherein 
the mandrel is axially fixed and non- rot at able. 

11. Apparatus as claimed in any of claims 1 to 2 or 4 to 
9, wherein the first mandrel is axially movable and non- 
rotatable . 



12. Apparatus as claimed in any of claims 1 to 2 or 4 to 
10, wherein the first mandrel is rota table. 

13. Apparatus as claimed in claim 12, wherein the mandrel 
is axially movable. 



14. Apparatus according to claim 8 when appendant to 
claim 2, wherein means are provided to unwind the cable or 
wire after mandrel replacement - 

15. Apparatus according to claim 14, which includes a 
retaining element operable to be wound into the helical 
grooves after removal of the said forming element. 
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16. Apparatus according to any preceding claim, wherein 
means are provided to rotate the sleeve and tube both 
axially away from and towards the said forming element 
source to effect helical winding and unwinding of the said 
forming element. 

-^t: a method- of—producing helically convolved— paasti^- 
tubes comprising the steps of locating a plain tube over 
a mandrel, heating at least a portion of the tube over the 
mandrel to a temperature which causes the tube material to 
at least partially lose its elastic memory and relatively 
engaging a convolution forming element and the heated tube 
to form helical convolutions in the said tube. 

18. A method as claimed in claim 17, wherein a 
thermocouple monitors the temperature of the tube during 
helical convolution forroation- 

19. A method as claimed in claims 17 or 18, which 
includes the step of rotating the tube relative to a fixed 
mandrel and a fixed helical convolution forming element 
source to form said helically convoluted tube. 

20. A method as claimed in any of claims 17 to 19, wherein 
the tube heating means circumferential ly surrounds a 
portion of the tube during formation. 

21. A method as claimed in any of claims 17 to 20, which 
includes the step of lubricating the tube with a lubricant 
prior to or during helical formation. 

22. A method as claimed in any of claims 17 to 21, which 
includes the step of fixedly locating the first end of the 
tube to be formed on a rotatable sleeve. 

23. A method as claimed in any of claims 17 to 22, which 
includes the step of rotatably moving the sleeve axially 
away from the first mandrel at a rate suitable for forming 
said helically convoluted tube. 
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24- A method as claimed in any of claims 17 t:o 23, which 
includes the steps of flKing a wire or cable forming 
element to the sleeve, rotating the sleeve at a rate 
suitable for forming said helical convolutions with said 
wire or cable as the tube rotates with respect to the wire 
or cable source. 



25. A method as claimed in any of claims 17 to 24, which 
includes the step of removing the wire or cable forming 
element after formation of the completed tube. 

26. A method as claimed in claim 25, which includes the 
step of helically winding a new retaining element into the 
helical grooves in the tube after removal of the forming 
element* 

27. A method as claimed in any of claims above 17-26 where 
tube is driven by cooperating sleeves located at both ends 
thereof . 

28. A method as claimed in claim 27, whxch includes 
axially relatively moving the two said sleeves to take 
account of compression of the tube after helical formation. 

29. A method as claimed ia claim 25 which is carried out 
without removing the tube from the sleeve by rotating the 
said sleeve back towards the foirming element source to 
unwind the said forming element. 

30. A method as claimed in claims 26 or 29 which is 
carried out without removing the tube from ttie sleeve by 
rotating the said sleeve away from a retaining element 
source after the steps of replacing the forming element 
source with a retaining element source and securing the 
retaining element to the sleeve. 

31. Apparatus for forming helically convoluted plastic 
tubes as hereinbefore described and with reference to 
Figures 1, 2 and 3. 
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32. Apparatus for forming helically convoluted plastic 
tubes as hereinbefore described and with reference to 
Figure 4. 

33. Apparatus for forming helically convoluted plastic 
tubes as hereinbefore described and with reference to 

Figure"^ 

34. Apparatus for forming helically convoluted plastic 
tubes as hereinbefore described and with reference to 
Figure 6. 

35. A method of forming helically convoluted tubes as 
hereinbefore described and with reference to Figures 1 to 
3. 

36. A method of forming helically convoluted tubes as 
hereinbefore described and with reference to Figure 4. 

37. A method of forming helically convoluted tubes as 
hereinbefore described and with reference to Figure 5. 

38. A method of forming helically convoluted tubes as 
hereinbefore described and with reference to Figure 6. 
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